The effects of birth weight (BW) 
Some individual characteristics, experiences, or environmental conditions leave children vulnerable for developmental disorders. These conditions can be referred to as risk factors. Risk models can be developed that assume a person's level of risk represents his/her need for services. In other words, risk can be thought of as a proxy for need (Backett, Davies, & Petros-Barvazian, 1984) . Information derived from risk analyses can provide insight into the areas requiring prevention and intervention services, in turn guiding research and informing public policy.
The major method of risk quantification developed by epidemiologists has only recently been applied to the study of child development. Concerned with identifying the distribution of the determinants and consequences of disease in human populations (Hennekens & Buring, 1987) , epidemiology has investigated infectious disease with a single causative agent. As the chief causes of death have shifted, chronic disease has become an important focus of public health (Pearce, 1996; Susser & Susser, 1996) . Accompanying this shift, a methodology for identifying multiple risk factors has developed in epidemiology. It is this multiple risk factor methodology that can be utilized to understand multiple influences on child development.
The emerging application of epidemiology to child development, termed developmental epidemiology, is defined as "the study of the distribution of behavioral outcomes in infancy and childhood and the indicators of their occurrence" (Scott, Shaw, & Urbano, 1994, p. 352) . The major goal of this field is to estimate the risk of a poor developmental outcome associated with exposure to various risk factors. This knowledge can be used to plan prevention and intervention services (Scott, 1995) .
BIRTH WEIGHT AS A RISK FACTOR
Being born low birth weight (LBW Ͻ 2500 grams) has been identified as a potential risk factor for poor child outcomes (Calame et al., 1986; Drillien, Thomson, & Burgoyne, 1980; McCormick, 1989) . Goldenberg and Bronstein (1994) report that babies born LBW have a higher mortality rate than their normal birth weight (NBW Ͼ 2500 grams) peers. However, more LBW babies are surviving past infancy due to advances in medical technology (Dunn, 1986; Hack, Klein, & Taylor, 1995; Hoy, Bill, & Sykes, 1988) . Therefore, the long-term outcomes of children born LBW need to be investigated.
As birth weight decreases, developmental outcomes worsen (Calame et al., 1986; Grunau, 1986; Hack et al., 1994; Klebanov, Brooks-Gunn, & McCormick, 1994; Lagerstrom, Bremme, Eneroth, & Magnusson, 1991) . The majority of very low birth weight (VLBW Ͻ 1500 grams) children exhibit few problems (Drillien et al., 1980) . However, compared to their NBW peers, they are at increased risk for many poor outcomes, including physical and cognitive delays (Hack et al., 1994; Kitchen, 1980; Klein, Hack, & Breslau, 1989 rates of academic problems (Grunau, 1986; Kitchen et al., 1980; McCormick, 1989) , lower scores on standardized tests of achievement/academic grades (Lagerstrom et al., 1991; Schraeder, Heverly, O'Brien, & McEvoy-Shields, 1992; Nielson & Sapp, 1991; Saigal, Szatmari, Rosenbaum, Campbell, & King, 1991) , and increased risk for learning disabilities and special educational services (Grunau, 1986; Saigal et al., 1991; Siegel, 1994) . Biological and social factors can be confounded in explaining the sequelae of children born VLBW because it is more prevalent in minority and other high-risk populations (Goldenberg & Bronstein, 1994) . Of all live births in the White population, approximately 6% are LBW and less than 1% are VLBW. These percentages are almost doubled in minority populations (Bennett, 1988) .
Because VLBW is confounded by other risk factors, the accumulation of social factors may be more important or as important as birth weight status alone in explaining developmental outcomes (Kopp, 1983; Schraeder et al., 1992; Drillien et al., 1980; Ramey, Stedman, Borders-Patterson, & Mengel, 1978) . Zigler (1995) argues that because adverse outcomes are typically found in children from lower economic strata, the identification of social factors associated with these outcomes may clarify the nature of the problem. Thus, it is necessary to investigate both the biological risk factors (e.g., birth weight) as well as the socioenvironmental risk factors of children born VLBW.
MATERNAL EDUCATION AS A RISK FACTOR
Investigators studying the school performance of children born NBW have found that social-structural variables, such as socioeconomic stress and maternal education, account for large amounts of variance in children's success (Schraeder et al., 1992) . Socioenvironmental variables can be used to predict school outcomes and identify at-risk populations. They can be seen as markers for the specific pathways through which their influence is manifested.
Low maternal education can be seen as an indicator of other factors associated with socioeconomic status (SES). The number of years of education completed may be a marker for other variables that are important in determining child outcomes. Variables correlated with amount of educational experience, such as home environment, nutrition, and cognitive stimulation (Satcher, 1995) , are those that contribute directly to the determination of developmental outcomes. Furthermore, maternal education may be a useful indicator of important environmental and social factors when in-depth measures of family environments are not feasible.
Maternal education level has been identified as a prominent risk factor for negative child outcomes. Cognitive deficits have been associated with lower maternal education (Zigler, 1995) . The Metropolitan Atlanta Study found that low maternal education was a significant risk factor for mild mental retardation Kramer, Allen, & Gergen, 1995 ; Yeargin-Allsopp, Drews, Decoufle, & Murphy, 1995).
The question remains, however, does maternal education interact with other known risk factors? Among infants born VLBW, parental education level has been associated with the severity of disability at ages 8 and 11 (Hunt, Cooper, & Tooley, 1988) . In addition, the outcomes of some LBW babies may be moderated by high maternal education (Brooks-Gunn, Gross, Kraemer, Spiker, & Shapiro, 1992; Liaw & Brooks-Gunn, 1993; McCormick, Brooks-Gunn, Workman-Daniels, Turner, & Peckham, 1992) . McCormick et al. (1992) found that among infants weighing at least 1,000 grams born to mothers who had more than a high school education, no differences in IQ could be attributed to LBW alone.
RATIONALE FOR CURRENT STUDY
In summary, both birth weight and maternal education are important variables to consider when assessing child outcomes. In the past, LBW has been confounded with low SES in the prediction of child outcomes (Siegel, 1994) . Therefore, the current study was designed to examine the separate and joint effects of birth weight and maternal education on the special education placement of 10-year-old children.
While profound disabilities may be recognized early, assessment of less severe handicaps requires a long follow-up period (Kitchen et al., 1980) . The identification of educational handicaps peaks at age 10 (Carran, Scott, Shaw, & Beydouin, 1989) . Thus, the present study examines the long-term effects of maternal education and birth weight on special education placements at age 10.
Previous studies of VLBW have had several problems due to the low prevalence of the condition (Ͻ1% of the population), including small samples and inability to examine long-term outcomes. Subject attrition due to death or loss of contact compounds the problem of small sample sizes (Siegel, 1994) . The present study attempts to address these problems by electronically linking extant databases of birth and school records. County-wide databases are used to provide a large sample of children from many catchment areas. Additionally, information about subject status may be obtained electronically, thus eliminating problems of attrition and noncompliance.
Finally, because previous studies have focused on the educational outcomes of individuals born VLBW, they have provided little information on the overall contribution of VLBW to the population receiving special education services. Epidemiologic methods are used to assess risk to the individual separately from risk to the community. The potential risk each child has of being placed in special education given one or both risk factors can be found. In addition, the potential decrease in special education placements in the population that would occur by targeting one or both risk factors for prevention can be quantified. 
METHOD

Participants
The sample consisted of children from Dade County, Florida, whose 1979/80 birth records were linked to their 1990/91 school records using an automated computer data linkage system. There were 27,951 children representing 93% of the school records in the linked sample. Maternal education data were missing for 0.2% of the sample so analyses were based on the 27,908 children with complete data. The sample was composed of 51% males and 49% females with a mean age of 10. Approximately 39% of the sample were African American, 32% Hispanic, 28% Caucasian, and 1% other.
Procedure
Extant databases of birth records and school records for children in Dade County, Florida were linked using a computer algorithm. The algorithm used phonetic code for child's last name, first name, date of birth, gender, and mother's name in determining probable matches. The linkage methodology used in the current study has been validated previously . The electronically linked data were compared to a manually linked subset indicating sensitivity and specificity rates of 97% (Boussy, 1993) .
Birth records consisted of all birth records in Dade County during the years 1979 to 1980. The school record data set consisted of all school records from Dade County Public Schools during the 1990/91 school year. The birth/school linkage contained information on each subject at birth and in school at age 10. After the linkage was complete, all personally identifying information was removed from the data to maintain the subjects' confidentiality.
Variables
Risk factors were retrieved from the birth records and included birth weight and maternal education. Birth weight (BW) was divided into three levels: very low (VLBW Ͻ 1500 grams); low (LBW ϭ 1500 -2499 grams); and normal (NBW Ն 2500 grams). Maternal education (ME) was divided into three levels: low (LME Ͻ 12 years), average (AME ϭ 12 years), and high (HME Ͼ 12 years). The outcome of interest was special education placement at age 10 and was retrieved from the school records.
Analytical Methods
Epidemiologic methods were used to analyze the data in terms of risk to the individual and the community. An important measure of individual risk, the relative risk, is the rate of disability among those who are exposed to a given risk factor relative to the rate of disability among those who are not exposed (Hennekens & Buring, 1987) . The nonexposed group is termed the referent group and is assigned a risk value of one. The risk an exposed group has of developing an outcome relative to this referent group is then determined. Risk estimates and their 95% confidence intervals were calculated using the epidemiologic statistical software package True Epistat (Gustafson, 1991) . Confidence intervals were listed in parentheses following relative risk values.
As a community risk measure, attributable risk was calculated to estimate the proportion of cases in the population that may be prevented if the risk factor was eliminated. The attributable risk takes into account the frequency of the risk factor in the community as well as the frequency of the unwanted outcome when the risk factor is present and absent (Hennekens & Buring, 1987) . It is essential to determine the relative impact of risk factors on the population to guide future prevention and intervention efforts.
RESULTS
Descriptive Analyses
Descriptive analyses were conducted using the Statistical Package for Social Sciences (SPSS, 1994) . Less than 1% of the sample was born VLBW (0.8%). Of those children, 25% were receiving some form of special education service at age 10. The exceptionality category most common in this group was learning disabled, at 10.8%. The percentage of children born VLBW in each exceptionality category can be found in Table 1 . Approximately one third of the sample (31.1%) had mothers with less than 12 years of education. Of those children, 15.8% were receiving some kind of special education service at the time of follow-up, with the largest percentage classified as having a learning disability (10.2%). The percentage of children in each disability category whose mother had less than 12 years of education can be found in Table 2 .
Preliminary Analyses
The sample was divided into nine mutually exclusive and exhaustive categories of risk based on level of ME and BW (see Table 3 ). Risk ratios were calculated 
TABLE 3 Preliminary Analyses: Nine Mutually Exclusive Categories of Risk and the Prevalence in Each Category
Risk Group N Prevalence VLBW and LME 83 .3% VLBW and AME 93 .3% VLBW and HME 45 .2% LBW and LME 718 2.6% LBW and AME 745 2.7% LBW and HME 410 1.5% NBW and LME 7892 28.3% NBW and AME 10519 37.7% NBW and HME 7403 26.5%
Note. VLBW ϭ very low birth weight; LME ϭ low maternal education; AME ϭ average maternal education; HME ϭ high maternal education; LBW ϭ low birth weight; NBW ϭ normal birth weight. N ϭ 27,908 (0.2% of the cases were missing information on ME).
Biological and Social Risk Factors
to determine the joint effects of ME and BW on the need for special education placement at age 10. The referent group in the preliminary analyses was composed of children born NBW to mothers who had more than 12 years of education.
A clear dose-response trend emerged between BW and ME in the risk for special education placement (see Fig. 1 ). Specifically, as BW and ME decreased, risk of placement in special education at age 10 increased. Individuals born VLBW to mothers with LME had over 4 times the risk of being placed in special education, as compared with the referent group. Table 4 contains exact relative risks and confidence intervals associated with each level of risk.
Secondary Analyses
For the second set of analyses, the sample was divided into four mutually exclusive and exhaustive groups (see Table 5 ). The separate and joint risks of being born VLBW and having a mother who did not complete high school were identified. The referent group consisted of children born weighing at least 1500 grams and having mothers with at least 12 years of education. Risk ratios were calculated to determine the risk of needing special education services at age 10 on three groups: VLBW only, LME only, and both risk factors (see Fig. 2 ).
For the individual child, having both risk factors meant being 3.10 (2.25- 4.27) times more likely than the referent group to be identified as needing special education services at age 10. Children with VLBW as their only risk factor were 2.08 (1.50 -2.88) times more likely to need special education services at age 10. Finally, children having mothers with LME as their only risk factor were receiving special education services 1.55 (1.45-1.65) times more often than the referent group. Attributable risk was calculated for each of the three groups described above to estimate the proportion of cases that may be prevented by the elimination of the exposure (Northridge, 1995) . Nineteen percent of the cases of special education can be attributed to LME alone, while 0.8% are associated with the risk factor of being born VLBW alone. One percent of special education cases were attributable to the joint occurrence of VLBW and LME (see Fig. 3 ). In theory, eliminating both risk factors would reduce the population receiving special education services by approximately 21%.
DISCUSSION
The results of the present study emphasize the importance of including social factors in the investigation of BW outcomes. A dose-response trend emerged Note. VLBW ϭ very low birth weight; LME ϭ low maternal education. N ϭ 27,908.
Biological and Social Risk Factors
that provides researchers and public policy makers with information on the joint effects of BW and ME. The data show that the effects of BW vary depending upon levels of ME. The lower the ME, the worse are the educational outcomes of children born VLBW. In other words, being highly educated may buffer against the negative outcomes associated with being born VLBW.
The second set of analyses shows the importance of looking at individual and community risks separately. The combination of VLBW and LME is associated with the highest risk of special education placement to the individual child. However, only 1% of special education placements in the population can be attributed to the combination of those risk factors. On the other hand, LME is associated with almost one fifth of the children receiving special education services. Because the attributable fraction accounts for the prevalence of the risk factor and LME is highly prevalent, this risk factor was associated with the highest percentage of special education placements.
In the current study, approximately one third of the children were born to mothers who had less than 12 years of education. Other research has found a high prevalence of LME in large scale, big city studies. For example, 22% of the sample had mothers with LME in the Metropolitan Atlanta Developmental Disabilities Study (Satcher, 1995) . By targeting ME, prevention efforts may 
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H. A. Hollomon et al. have a greater impact on the overall prevalence of special education placements at a population level. Being born VLBW is a detrimental risk for the individual child, making it a clinically important risk factor. Children with the risk factor of VLBW should be screened for potential developmental disabilities. However, less than 1% of children receiving special education services can be attributed to being born VLBW because it is a low prevalence condition. From a public policy standpoint, the findings from this research suggest that LME should be targeted to effect the greatest reduction in the number of children requiring special education services.
By targeting ME for prevention and early intervention, many children born VLBW will also receive services due to the co-occurrence of biological and social risk factors. Being born VLBW is more prevalent in minority and lower SES communities that also frequently have lower education levels. For example, the current study indicates that targeting ME would affect 31% of the overall sample, including 37.4% of the children born VLBW. Many children with the highest risk of being placed in special education (those with both risk factors) will also be targeted for early intervention. In this manner, intervention dollars are spent both on the children who are at the most risk and the children most likely to contribute to the cases of special education in the population. 
Biological and Social Risk Factors
